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ABSTRACT 

An  analysis  of  current  ocean  bottom  seismometer  technology  baa 
revealed  that  conventional,  free-full  devices  which  simply  rest 
ui  the  nurficial  seafloor  sediments  could  provide  portable  stations 
vi tli  abort  period  performance  only  equivalent  to  the  higher  noise 
.land  stations  located  on  islands.  However,  by  emplacing  borehole- 
type  seismometers  beneath  the  surficial  seafloor  sediments,  the 
broadband  performance  of  ocean  bottom  stations  could  prove  superior 
to  the  best  land  stations.  In  fact,  by  combining  "state  of  the  art" 
broadband  digital  seismometers  with  modern  deep  sea  drilling  and 
ocean  acoustic  or  satellite  telemetry  methods,  permanent  subneafloor 
stations  with  essentially  real-time  communication  are  entirely  feas- 
ible. A plan  for  preliminary  seismic  research  is  suggested. 
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I.  INTRODUCTION 

Significantly,  the  world's  moot  tectonically  active  areas  are  near  the 
deep  ocean''  . These  arena  include  the  entire  Pacific  margin  (i.e.,"the  Ring 
of  Fire"),  the  Alpine-Himalnyan  tectonic  belt  extending  from  the  Mediterran- 
ean through  the  Middle  East  to  Indonesia  and,  of  course,  the  oceanic  ridgeB 
(see  Fig,  1-1 ) . In  fact  nearly  all  of  this  entire  area  is  within  5°  of  in- 
ternational waters,  Even  the  central  Asian  tectonic  belt  is  only  20°  from 
the  ocean.  Clearly  land  stations  are  not  necessary  to  record  data  from 
seismic  events  in  these  high  seismicity  areas. 

The  use  of  ocean  bottom  stations  for  regional  surveillance  is  predicated, 
of  course,  on  the  ability  of  Buch  stations  to  detect  and  identify  Bmall  events 
as  effectively  as  alternative  land  stations.  Unfortunately,  adequate  infor- 
mation is  not  available  to  assess  the  relative  performance  of  ocean  bottom 
stations  in  a near-in,  or  regional  context.  Previous  experiments  In  the 
early  I960' a indicated  that  ocean  bottom  stations  would  not  be  as  effective 
as  land  stations  for  global  teleseismic  surveillance.  This  Judgement  was 
based  on  the  observation  that  the  background  noise  level,  measured  at  several 
sites  by  short  period  seismometers,  was  much  higher  than  land  stations.  The 
instruments  were  deployed  by  simply  dropping  them  onto  the  seafloor  mud  and 
ooze.  Although  these  instruments  were  not  able  to  examine  the  long  period 
noise  which  earlier  workers  suggested  was  comparable  to  land  observations, 
extrapolation  of  the  short  period  results  suggested  that  long  period  noise 
levels  would  also  be  higher  than  land  station  levels.  Accordingly,  the  con- 
cept of  using  ocean  bottom  stations  for  teleseiBmic  research  was  abandoned  in 
the  late  196o's. 
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I'oiliiy  ouch  a .hub'emcnt  tuny  no  loiu-'er  be  va.l  Id  in  view  of’  the  substantial 


advancer  In  oeeainvraphlc  Inntrumontatlon  and  technique:!  for  deploying  and 
PecoVerlll;’  [OOP  1 1 'V  l i’  i ’:*<  « It.  appeal':'.  t.tillt.  modern  digital  HO  1 iimof/raphs'. 

rlp.ldly  emplaced  beneath  the  iioufLoor  by  deep  sen  drilling  ahipo  , manned  nub- 
mcru  lbler>  or  remote  controlled  mnui pulntor  uhlpn  can  provide  inexpensive 
ocean  bottom  n tat  lone  unot'ul  1’or  both  limp,  period  tolenei  ninie  mid  nhort 
period  regional  monitor:! an.  In  fact,  by  Incorporating  modern  noountic  data 
to  l ennterinp  tochnlipieu,  It  should  be  ponulhlo  to  have  enuout  lul.  ly  real-time 
monitoring  comparable  to  land  n tat  Lena. 

Tli Li*  report  mutimar l ten  tlu;  role  that  OWa  mip.ht  play  in  ueinmlo  ro- 
nearch.  Our  approach  La  twofold,  flrnt,  we  diuoumi  the  advantages  to  uni  tut 
01<i’>  ntatlonn  that  have  come  about,  from  recent  advnticort  in  ocean  technology 

I 

and  uocond,  we  delineate  the  research  tanka  which  nhoitU  be  nddi’enned  in 
t.he  Immediate  future  in  order  to  accurately  entimato  the  use fuinonn  of  such 
stations.  We  also  present  bnckprounu  material  and  a bibliography  of  perti- 
nent refcronccu. 
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11.  ADVANTAOKB  OK  OCKAN  BOTTOM  0 TAT I ON 0 (OBB's) 


A.  tSea  floor  OBS'a  vb  Land  Stations 

Aside  from  their  obvious  geographic  desirability,  OBS's  may  have 
important  ueienti  I'i  c and  technical  advantages  over  land  stations  for 
seismic  research.  Some  of  these  are; 

1.  Increased  Signal  Amplitude 

Although  most  previous  experiments  have  probably  not  provided 
u faithful  portrayal  of  true  ground  motion  on  the  seafloor  because  of 
poor  coupling  and  high  noise,  it  is  clear  that  signal  amplitudes  from 
earthquakes  observed  on  the  ocean  floor  are  generally  higher  than  those 
soon  by  a land  station.  For  example,  the  AHPA-Bponsored  field  tests  off 
the  Aleutian  Islands  in  1968  showed  that  OBB-calculated  m^  values?  averaged 
0. unit  greater  than  .'Land  station  calculated  values,  This  was  thought 
to  result  from  the  fact  that  the  rays  travelled  a Blightly  shorter  path 
to  the  ocean  bottom  stations  and,  more  important,  they  did  not  have  to 
propagate  through  a low  q continental  crust.  Also,  more  recent  work  has 
shown  attenuation  along  oceanic  lithosphere  paths  to  be  extremely  Btnall, 

Q valuer,  are  estimated  to  exceed  6000,  For  the  higher  frequency  band 
which  will  be  particularly  useful  :ln  regional  monitoring,  this  signal 
enhancement  could  be  significant. 

2.  Lower  Noise 

Deep  ocean  sites  far  from  land  would  be  relatively  isolated 
from  the  Bources  of  background  noise  likely  to  affect  seismic  stations. 
These  are:  cultural  noise,  breaking  surf  on  coastlines,  Btorm  microseioma 


or  tidul  current  effects. 


In  practice  thin 


Hli.l  local  Hurt'u CO  WuVi.'U 

appears  to  be  t.he  case.  1'uth  the  curly  work  ni'  I, runout  and  the  lute.-r 
AHI’A-upotisorod  Texas  Instruments  field  tests  showed  decreased  noise  with 
increasing  water  depi.h  and  Lncrens  lug  d 1 st.unro  from  land.  The  dominant 
noise  source  in  believed  to  be  surf  microseitsmB  propagating  out  from 
the  coastline  ub  hay  .Leigh  waver  In  the  water  muss  and  along  the  vater- 
ueufloor  Interface  (Fig.  i I— 1 ) . The  latter  path  is  particularly  energetic. 

Tub!"  I lists  representative  noise  levels  observed  on  land  and  on 
the  senfjoor.  Note  that  only  the  early  Lament  workers  reported  short 
period  noise  amplitude  levels  comparable  to  those  observed  on  land 
(i.e.,  1 mu  p-p  in  the  P-10  Hz  band).  Indeed,  these  low  noise  observations 
prompted  the  first  serious  ARPA- sponsored  inquiries  into  the  utility  of 
OBH's  for  seismic  research.  Unfortunately,  the  early  low  noise  observa- 
tions could  not  be  substantiated  in  more  extensive  field  testa  carried 
out  by  T.  I,  in  the  mid-1960's.  Noise  amplitudes  were  typically  2 
orders  of  magnitude  greater  than  those  reported  earlier  (i.e.,  100- iOO 
mu  0 1.  Hz). 

It  must  be  emphasized  at  this  point  that,  after  considering,  the  field 
method  used  to  make  background  noise  observations,  the  above  apparent 
high  noise  levels  may  not  have  been  a true  measure  of  nolid-earth  motions. 
In  the  T.  I.  uystem  and  for  that  matter  with  most  systems:  (i)  the 
seismometers  simply  rested  on  surficial,  unconsolidated  seafloor  sediments 
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■ i n • I uir.\f  whu;'.i>  so  i :',iin)-:i.i-.ni:;t.ii’  proper l. i i ■!'  were  riot,  much  di  fferent  than 
i ho  nvriyliiK  water  mass  (l’’ip.  II  — I;  01i;l  position  l),  and  (li)  mo  u I 
systems  luu’il  lull  VoiM  ivVil  I' i‘: i lru ■ which  protruded  into  Wilt. or  muss  t.n 
house  Iholr  seismometers.  These  rnr t.n  siipt'est.  Unit,  such  devices  probubly 
recorded  oooiui  water  an  well  n.s  solld-curth  ground  motion,  ni^ntficantly , 
those  seafloor  instruments  with  seismometers  well  ooup.led  to  the  solid 
earth  and  iso ! at. ml  fi'om  the?  "wlmi-llke"  motions  induced  on  the  housing 
1'i’ii.tm’  by  ooonn  currents  and  turbulence  have  shown  short  period  noise 
level:'  approach  i up,  the  1-10  mu  levels  observed  at  the  better  land  ;!H0 
stations  (Table  l),  These  include  the  early  hiunont  devices  ot‘  the 
.lyhO's  ( s 1 mn)  and  the  more  recent  .Inpnner.e  mid  British  OBG'n  ( Vj-'jO 
my).  Notably,  the  AKPA-spoiioored  Texas  instruments  devices  of  the  l.yC'O'n 
and  most  IJ.15.  devices  developed  subiu  uuontl y have  been  p.lap.ued  by  much 
lit.lT,her  noise  levels,  hoiiir  show  sl.ronp  frame-sediment  resonanew. 

No  recent  sl.udi.en  ol*  Join;  period  seal' lour  noise  have  been  made.  In 
fact  only  the?  two  loud  period  OWS's  developed  at  burnout  in  the  early 
lObU's  have  had  sipinl  I'  leant-  record  inf.  durations.  Out?  of  those,  a shore 
cable  connected  system  olT  tin  1 1 t'oi'u  in , was  eperal.t?d  from  the  mld-'l  ObO' s 
until  the  itiid-lOYiV s.  Unfortunately  no  definitive  analysis  of  noise 
observations  from  this  device  has  been  reported.  However,  information 
from  a short  duration  record  I tip,  (B.!>  days)  off  Bermuda  show  noise  amplitude 
about.  !'  orders  of  miipnllude  (.'renter  than  today's  typical  Kami  PHO  stations 
(l.c.,  3 ii  vs  '30  mu).  Apyiin  tliese  meanureineiif s are  subject  to  the  same 
doubts  expressed  about  tdie  short,  period  observations  in  that  these 


qggHfb 


«npi  , upvifr  i ; f ii  *wwnn.wi  wi 


3 


Si 

ft 


CO 

m 

o 


n; 

1.1 

t\ 

m! 

01 

Ml 

t/j 

M 

8 


1°, 

o 

H 
L J 

» i 
f;  i 

co 

o 

I’ll 

CO 


111 

f=) 


Up 
< 1 


o 

ro 

\ I 

P.I 

o 

C 5 


o w 

•r  t ill 
4->  l> 
Cll  $ 
Hi 
0> 
p 
Ct 


fe? 

a» 

4-> 

•rH 


f 


$9 

S 

a 

<U 


d 

o 

Pi 


CJ 

■3. 


O 

a 


to 

Vi 

o 

p 

cti 

w 

•rt 

4*’ 

U1 

o 

& 

M 


O 

■H 

P 

4-> 

t/) 


I I I I 

t—  1“  • r-  r- 

t--  f-.  t— 

On  On  On  ON 

rH  r-4  .1  rH 


a 

41 

in 

■o 

6 

£ 

t 

0 

ir\ 

•H 

CM 

Vi 

*^i  * 

<D 

VM 

Nil  O 

LA 

CM 

LA  C\J 

OJ 

On 

(in 

• • 

• 

3 

On  ao 

r-l 

LfN 

3 

r-l 

00  IPs  CM  ON 


o o o ao 

-4  C\J 


ui 

\'3 

•'  fj  J 
<U  w fd 
3 u d 
a*  w w 

Hi  H 

4i  **  c/1 

d 'd  h 

O’  Cll 


* 

in 

O 3 

Pi 
CD 


rO  m aj  £ 

r-j  d d m 

J 55  ^ 


I 

CM 

h-- 

C\ 

f-l 


0 

0 

•H 

<P 

N 

t 

w 

W 

M 

W 

41 

•d 

VO 

> 

0 

an  u fc  s 

t- 

•H 

i 

• 

4 3 

PU 

OJ 

CM 

's  -* 

I 

CM 

CT\ 


o 

ir\ 


CO 

CM 

CM 

i — 1 

VO 

h~ 

t— 

VO 

On 

On 

On 

ON 

r-l 

r-| 

1 

.-i 

i 

rH 

| 

1 

LA 

-tj 

1 

IA 

i 

IA 

ON 

vu 

VO 

VO 

VO 

LA 

ON 

ON 

ON 

On 

On 

rH 

rH 

rH 

rH 

i-I 

o 

41 

W 

CJ 

u 

41 

O 

4) 

tn 

rl 

i 

in 

1 

LA 

LA 

rH 

cn 

w— 

o 

o 

o 

a 

o 

o 

o 

o 

o 

o 

rH 

IA 

i'  - 

p 

Mi 

o 

w 

rH 

»*— N 

M 

• 

N 

w 

Cl"' 

O 

m 

rH 

N 

o 

rl 

• — ^ 

w 

O 

tA 

<o 

1 

1 O 

CM 

1 

o 

o 

O 

^ — ' 

LA 

o 

o 

o 

CM 

rH 

CO 

LA 

r^ 

ON 

r» 

CC 


VO 


Pt 

Vl 

o 

o 

w 

4-' 

a 

0) 


P 

41 

Hi 

41 

■9 

Hi 


.a 

rH 

a 

03 

3 

T.1 

•d 

tn 

ft 

an 

d 

4-1 

P 

3 

■d 

4J 

W 

rH 

rt 

d 

t- 

a) 

TO 

in 

M 

Vi 

ai 

•H 

41 

M 

«.u 

O 

in 

a 

■d 

s 

tt! 

•d 

m nl 

tai 

* 01 

in 

41 

Hi 

W -j; 

r*. 

CH 

PI 

O 


icmnln^UWoiiwv/"’  ■ 


& 

41 

P5 


r-l 

ii 


o* 


41 

d 

4) 

n 


r-l 

CM 

0) 

o 

r-l 

d 

o 

■f-i 

hp 

M 

rl 

t 

41 

:h 

d 

•H 

w 

rH 

tn 

d 

l\J 

W 

N 

fd 

4) 

4-> 

g 

•d 

r-i 

01 

3 

P 

O 

9 

Up 

o 

45 

P 

,ri 

ri 

o 

d 

P 

i-; 

•H 

h 

o 

3 

n 

a 

C/5 

i-I 

in 

o 

3 

CO 

i n»A»«i 


ill- v I in';;  worn  iii’ii t in  l l.v  I'n-i'-i’n  I I I n:it  riunonha  font, lug  on  tJio  lUHllmont 
nurfaoo  ol’  l lu-  n.i-iit’ 1 oof . 

tn  nummary  ti  appraru  I lint  tlio  bi-t  t.i-o  froo-fnll  OH;1.':-.  ox  I a 1. 1 n/-' 
today  Havo  abort  pnrLod  noino  lovolo  appronoiil.iif  .laud  ntut loiui . In  any 
nano,  Uioy  tiro  moro  than  tut  ordor  ol’  mnpnlLudo  nu.iotor  than  thn  Tcixan 
I nnl.rumontn  dov.ioon  ol’  tho  lObo'n.  'I'honr  low  liolno  1 ovo'l  n romblurd  with 
tlio  oxpootml  hi  bIv  t n l tflin  1 lunpl  l tuilu  on  tlio  oooan  floor  nuBBonl.n  that 
uvoii  tliono  ulmplr  nonl'loor-ty po  01115  iinitnunontu  would  liavo  a S / N ratio 
uiu'i'ul  I'of  riyionnl  moni tor InK.  With  Improvrd  coupling  ol’  l. Ho  not  ninnnint.rrn 
to  tlio  no.lld  mirth  and  tholr  Inolatlon  I’fom  wator  motlonii  and  n.,nonnnoo 
o I’lVo t, n,  .1.1.  In  pfohti.hU.'  that  inibnoarioor  Ol'55'n  liuvlnp  lonp  and  nhort. 

I 'oi*  I ml  !’-/N  ration  hitfhor  than  land  odat.lunn  mould  Ho  dovolopod  t’or  Hoth 
to Unu’lnm.li;  and  roptl.oiial  ronoaroli. 

U Mon1  Uniform  Urnnf  and  Mtuit.lo  t’tniotnro 

Tin'  omul  and  muni  In  ntriioiuro  bonoatli  tlio  oooan  ban  Inn  In  now 
known  l.o  Ho  muoh  itlmp'lor  than  l.lint  bonoath  tlio  oontlnont.n.  Tlio  noafloor 
nproadltir.  hy  pothoo.  I n,  f.onornlly  aroopti'd  by  oooan  no  I out.  Intn  to  .•looount. 
for  llio  forma  1. 1 on  of  l.lio  non  floor,  prod  lot  n i.hat  noarly  hoi*  I r.outn  I nuH- 
planar  rook  layorn  nndorllo  mont.  of  tho  doop  oooan,  Only  at  mld-oooan 
ridp.on,  doop  troiiohoii , and  oooaulo  Inlandn  will  I ln-ro  bo  a l pn  I I’l omit 
lal.oral  I n!iomo|.',ouo  1 1 y ol’  oarth  ntruol.nro.  hoop  tioa  drlllinp.,  nr  I am  I o 
rofraot  I on , and  f'tutv  I ty  ami  iwif.iirt  I o mo.'iniiromontn  impi'orl.  thin  hy  pot. lion  i a. 

f'lioh  nlmplo  layor lap  imp!  ion  that,  laty.o  aportnro  array;’,  ooiild  ho 
doployod  to  fiirthor  Improvo  l.ho  ;5/N  ratio  l\v  boom  form  I nr.  or  voloolty 


filtering.  In  fuel.  many  lit'  the  nigna!  pruuounlng  prob.lomn  oauiied  by  the 
near-field  ooinploxl  ly  of  earth  nl.ruehure  at.  land  largo  aperture  army  it 
(o. l.Af'A,  NOK:’AH)  ntionld  not  bo  ononuntered . by  nlmrply  reducing, 
ulgnul -generated  rolioront.  nolno,  a e loner  approach  to  t.ho  Ideal 
nlgnnl  t.o  noliu>  i*ut  io  improvement  might,  bo  real  ivied.  The  widen  proud 
nil  l form  I t.y  of  oart.h  ntruoture  beneath  l, ho  oooan  nine  Imp! inn  Mw.it  muoli 
larger  array n than  t.hono  praot.lonl  for  land  inn  till.  ltd.  Ion  eould  bo  built,. 

h,  tUmpl  I fled  1 nn till  1 at. loti  and  Operation 

'I’ho  art, mil  on-all. o deployment,  effort  and  oont.n,  oxelutilve  of 
ablp  t rann  1 1. 1 ng  (.line,  for  dropping  a free-fall  01111  or  oven  for  drilling 
a borehole  In  the  relatively  noft.  noa  floor  mat.evlaln  will,  probably  ho 
ooinparahle  t.o  t.lto  hard  rook  dr  1 1 1 1 ng  tiooonuary  for  .1  nut  til  1 lug  HHO  no  I muomet, or  a 
In  remote  aroan  of  hont  mil. Iona.  In  any  oiino,  a borehole  ObU  ut.at. Ion 
nhonld  only  reipilro  a few  dayu  t.o  .liuit.nl  1 . A.lno,  no  boreho l e malnt.onanro 
al.  a ueaflonr  ltnit.nl  lat. Ion  nhonld  be  naiulred  homnne  of  ground  wiil-er 
oonvool.  Ion  prohlemit  alnoo  t.ho  high  ootidnel,  I v I ty  , imb-hoahod  mut.ori  alii 
allow  lima  l 1 geothermal  grad  I out. a and  the  ambient,  temperature  In  low. 

The  operational  advantage  of  remote  Ollit  at  at.  I onn  may  he  n I gnl  I’loaiil 
ni  nee  lu'  on-uli.o  pornonni’l  are  Involved.  Alno,  liy  employing  iiooimt.  Ir 
data  t.el  omot.erlng,  l.oolmlipioa,  nhlpoontn  for  data  rot.rleval  or  Ooiti.n  for 
tnl. oroounoot. lag,  oahl.on  or  nntelllto  telemetry  neeeimnry  for  real -time 
dat.a  linin'  are  e I im  I nut. od  . gurt  hormoro,  nlnro  iieount.tr  telemetering  In 
generally  not.  limit. od  t.o  lino  of  night  , data  t ranuinl  union  would  be 
dlfftonlt.  to  1 lit  I'rrupl.  al.  (die  idle.  In  fuel.,  drop  round  ehahiiel  (lUT'AlO 
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hydrophones  like  the  Air  Force's  Ml  null  e impact  Locullng  System  (MTT.S) 

.ii*  naval,  systems  could  provide  a reliable  quusi-reul  time  telemetry 
capability  on  a global  scale.  Op  course,  moored  satellite  telemeter  lug 
buoys  with  only  local  abort  range  acoustic  linkB  to  the  OBS's  or  a 
completely  hard-wired  cable  system  could  be  uaed.  Those  approuehea  would 
probably  make  OBS  costa  more  comparable  to  land  atationn. 

However,  by  merging  the  seismic  data  telemetry  with  data  from  a hyclroueousti 
T-phaae  nurveillanee  hydrophone  moored  above  in  the  GOFAH  channel,  the 
ORi;  system  become s more  attractive. 

'3 ■ Greater  Geographic  Coverage 

Since  oceami  occupy  70$  of  the  earth's  uurfaee,  it  in  difficult 
t.u  infer  the  seismic  atruoture  beneath  the  ocean  baBinn  using  only  lurid 
utationn.  Obaervationa  made  from  laland  stations  are  likely  to  be 
unrepresentative  of  the  broad  ocean  crust,  and  mantle  structure^ * ’^t  . A 
well  diatributed  network  of  oceun  bottom  aeiBmographa  and/or  large 
uperbure  i.rraya  would  fill  thin  gap  in  our  knowledge.  AIbo,  the  Low 
Level,  seismic  Lty  of  ouch  important  features  us  t.rencho  and  mid-oceanic 
ridgcB  which  ure  only  acceBslble  with  OBS's  can  be  examined.  These 
obaervationa  could  have  important  nullifications  for  general  earthquake 


B. 


Subaeafloor  vs  Seafloor  OBS' 3 


The  most.  effective  method  to  improve  both  the  signal  coupling  of 
OBll'u  to  the  solid  earth  and  to  isolate  them  from  noise  propagating  in 
the  ocean  water  and  along  soft.  Bediment  .layer/water  interface  is  to 
rigidly  mount  the  seismometer  beneath  the  Boft  sediment  layer  (Fig,  li- 
lt OBS  position  ?). 

1.  Better  Coupling  to  the  Solid  Earth 

Competent  nemi-conaolidated  sedimentary  materials  are  generally 
found  a few  tens  of  meters  beneath  the  unconsolidated  surficial  seafloor 
sediments,  These  deeper,  llthified  layers  show  sharp  increases  in  both 
compreasional  and  shear  wave  velocities  and  bulk  density.  In  fact  the 
hard,  crystalline  igneous  rocks  of  the  high  Q oceanic  crust  are  usually 
covered  by  less  than  a few  hundred  meters  of  sedimentary  materials  in 
moot  areas.  Accordingly,  a borehole-type  OBS  installation,  much  like 
the  present  SBO  stations,  which  is  employed  in  the  hard  sediment  or 
on/within  the  oceanic  basement  rocks  (Position  3 or  h)  should  provide 
signal  coupling  vastly  superior  to  free-fall  devices  resting  on  the  soft 
sediment/wator  interface,  Also,  the  signal  amplitude  can  be  maximized 
by  simply  adjusting  the  overall  seismometer  case  density  to  match  the 
acoustic  impedence  of  the  surrounding  borehole  rock  materials. 

2.  Lower  Noise 

The  depth  of  burial  necessary  for  the  seismometer  to  attain  a 
significant  noise  reduction  is  probably  only  a few  tens  of  meters  due  to 
the  sharp  gradient  in  the  seismo-acountic  properties  of  the  soft,  seafloor 
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r.e.i i iiii'ii I • A I'm’ I i’«l  m i milometer  I:1,  not.  only  Ululated  from  the  wind-like 
i n • l ;’.r  indueed  hy  t.he  ocean  i'ur rt'ni.n  and  turbulence  on  the  housing  frame 
t'ni  t.ln'  coft.  overlying  mu- fie  Ini  mat-rial  may  net.  mueh  like  n uoundproo  flag 
layer  whleh  will  nbuorh  oreiui  generated  noiuo.  In  addition  the  uir- 
vut.or  mid  '.ten  floor-water  Interfacea  wi  ll  nerve  an  el’i’iclent  refluctoro 
whleh  effectively  trap  any  propuguti ng  wnvon  within  the  water  volume 
( nee  right,  port. Ion  of  Fig.  Il-l).  Recent  teutn  conducted  at,  Woodu  Hole 
In  nlmllew  water  allowed  more  than  a t’aetor  ol‘  ten  reduetion  in  local 
ocean-genera  tod  noiite  on  a vert. leal  component  netnmometer  buried  only  P 
metern  beneath  the  nea floor.  Notably,  nomo  of  the  early  Lament  OliO'u 
whleh  reported  very  low  nolne  level n had  their  nelninomet.eru  in  proben 
whl  i’h  penetrat.ed  the  tu'al'loor  a few  met. era. 

The  eoherent  mieronelnm  nolne  propagating  tut  Rayleigh  waveu  in  the 
ocean  water  and  along  the  nea floor  mail  men t /water  Interface  In  aluo 

m •• 

markedly  att. enuated  with  Inereanlng  depl.it  nlnee  the  diiear  wave  velocity 
.’I’  tlie  nurflelal  nedlmeatn  In  only  about  0,,’  km/ nee  (nee  left  portion  of 
Fig.  Il-l).  Thun,  the  mieronelnm  nolne  whleh  In  generated  beneath 
breaking  nurf  on  dir, taut  bench  nurfacen  doon  not  penetrate  very  deeply 
Int.i’  the  r.oft  nedlment.  layer.  do  l milometer  n burled  100-600  metern  beneath 
the  neafloor  would  be  virtually  nhlelded  from  t.hln  dominant,  nottreo  of 
neafloor  nolne. 

t.  Reduced  01  gna  I Oont.iuu  luat  I on 

del  mule  nlguuln  reeel  veil  at  a neafloor  0R0  travel  through  the 
ocean  water  an  well  an  through  the  not  Id  earth  beneath  the  at. at  Ion 


l>. 


(Ton  it  ion  1 in  Fig.  IT-l).  ‘I'haae  rnys  arriving  at  the  OBS  which  are 
reflected  from  the  local  air-aea  surface  interface,  particularly  contami- 
nate the  direct,  seismic  arrival  phases.  This  signal-generated  noise  not 
only  introduces  apparent  complexity  and  reverberation  in  the  wave  train 
coda  but  they  also  tend  to  generally  reduce  signal  amplitude  because  of 
interference.  Accordingly,  by  locating  the  seismometer  in  a borehole 
beneath  the  seafloor  surface,  seismic  signal  entering  the  overlying 
water  mass  and  soft  sediments  will  be  effectively  trapped  much  like 
noise  initially  generated  in  the  ocean.  In  fact,  seismometers  near  the 
oceanic  basement-hard  sediment  inter  face  (Positions  3 and  l)  should  be 
virtually  free  of  reflected  arrivals  returning  from  overlying  interfaces. 


III.  ;UiiK’iK:’.TKl)  l INITIAL  {'TUP  I 

V 

In  'rli-r  t.  > uoournt.o 1 y Um  nil  lily  Hi'  i'll;:1;',  I’m*  :ir  I :;m  I o ro- 

Ml’,  ’ll  till'  !'■  • I I ' >W  i 111'  i UVl'.-.t  i I'.'lt.  I . 'll!!  !l|lOlll  I |)t‘  1 11 1- 1 1 ' I"  t-  f Lk  ill  . 

A,  ,)r  I- 1 ’ mi  i tint. Lon  Oi'  t.ho  Tnii'  :'ml  it)  Ki.trt.li  N < 1 1 : ■ hao kg round  on  and 

lii'tii’iil.h  t.hr  I’t'iuMoor 

I.  ihibnouP I out*  Nol  itr  Mi'iitiiiremniilit  In  Doi'oho  I on 
An  oi’riin  I’ I old  program  lining  tin?  cunvni  hc'roho.'le-t.ypo  tilth 
m*  1 nmi'titt* I.im*:'  nlii niltt  bo  In  1 1. Inliai  t.o  nbt.uln  noat'loor  Hint  itiibnotv t •t'> r 
no  l no  tibnirval  I min . Thin  program  roil!  it  bo  nlnrloil  Iminodiut.oly  uni  nr,  t.  he; 
iii'ol.i't’li  motto  l Mn'OO.  Thin  unit.  In  upon  IP  I rally  donlgnod  to  I'll  In  utiuulu  ml 
li"  oxp  1 oral,  I tin  plpo  muni  by  oronn  drilling  nhlpn.  i'htuu’  no.!  umonto  torn , 
nl't.or  iippivpi'lnto  riolit  tooling  Hint  modi Plontlon  I'or  mnrliu;  uno  (tiro 
nl.tiily  h bolow),  oouhl  Plrnt  ho  lowoivd  int.u  t.h"  tunny  ox Ant. lug  oil  oxplorn- 
lion  wo  1 In  for  long  ntni  nhort-lorm,  nhnlMw  wulor  moaimromout.n  at.  varloun 
Uionl.loiin.  Noxt.,  drop  wator  moanuromoiiln  oou.lt!  ho  lmnlo  lining  liolou 
tlr  111  ml  by  t.ho  Poop  Hon  Prll.llnn  Program  (hl’PI')  nhlp  ilhOMAH  t'HAhl.KWtiKIt, 

Koi*  Iho  tloop  walor  nludlon  thorn  at’o  throo  ponn  Ibi  l 1 1 Ion  : a.  ".’ho 
w>>rk  might,  ho  dono  nr.  tut  Integral  part,  of  Iho  ULOMAIt 1 r.  normal  oruliio 
oporal  lonn.  b.  It.  In  nlno  ptninlli.lo  to  nno  ti  noparat.o  ronitd-o  man l pul alor- 
type  nhlp  nuoh  an  t.ho  AU’OA  t SKA  I ’HO AM1!  >>r  dl.OMAli  KXrUlHKH  to  ro-oivhpy 
prov  Limit  ly  drtllod  holon  and  Implnnt.  t.ho  nolnmomoU'rn.  Thin  lull. or 
npprouoh  In  llkoly  l,o  bo  moro  mil  table  for  longer  term  obnorval. io>tut 
wlilt'h  othorwlne  would  Intorrupt.  t.ho  i’ll Al.l.KNd KK ' n in'lioduh'.  However, 
aiTniigemont.n  would  Itnvo  It'  hi'  imnto  with  Phl'l’  t.o  loavo  holo  re-mirv 
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cones  iitui  acoustic  transponder  13  noeoaoury  for  relocating  the  site,  e. 

Kor  shallow  penetration  deployment  a in  soft,  uedimentury  materials,  a 
mmilpu  lator  ship  alone  could  independently  Implunt  aeiamomet.era  using 
convent, iorml  "wash  down"  techniques.  Thin  approach  might  be  the  moBt 
economical  and  convenient  if  it  ia  found  unnecessary  to  drill  into  the 
hard  ocean  basement  to  achieve  optimum  S/N  ratios. 

2.  Noise  Analysis  of  Previous  and  Current  Beafloor-type  QBS  Data 
Along  with  making  new  boi'ehole  observations,  existing  long  and 
short  period  seinmogriuns  from  the  better-designed  seafloor  OBIS' u should 
he  examined  for  noise  levels.  Observations  made  on  hard  igneous  rocks 
should  be  particularly  valuable.  The  British  and  Japanese  instruments 
are  moat  likely  to  be  most  useful  for  short  period  observations,  I>'or 
longer  period  studies,  the  shore-cabled  instrument  operated  off  California 
(l’t.  Arena)  during  the  mid  i960' s-mid  1970's  interval  is  probably  the 
only  useful  data  available. 

11.  '.Signal  Level  Comparison  between  Land  and  OBS  Stations 
A comparative  study  of  the  magnitude  and  apectral  content  of  events 
recorded  at  both  OBS  and  land  stations  ohould  be  made  using  both  long 
and  short  period  data.  The  seafloor  OBS  device  which  operated  off 
California  during  the  period  of  extensive  U.S.  and  Soviet  underground 
tenting  ln  the  late  i960' a will  provide  the  most  useful  long  period 
data.  Unfortunately,  far  short  period  comparisons,  few  of  the  current 
seafloor  OIKS' 0 have  recorded  teleseismie  events.  Exceptions  are  the 
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. 1 : i | .'i 1 1.’:; i ■ ill’ v I (•!':!  ii op  I . \yi-i I near  t.lu'  Japan  and  Kur I 1-AJcutlun  Trenches. 

Air..’,  flirt  In  !'  analysis  "!'  ri’i'i'i'il:;  from  the  quieter  Texas  I nutruMonts 
i i i i * i • : i i'i'uIJ  I'l'i'Vi'  r.ii  i I 1 1>  1 c . Nujii’  ,i|’  t,in'  current  OB:'.1:;  nfi'  Pel  loved  t.<  < 
have  recorded  nuclear  exploit  ionn.  Kor  the  nubuoul'loer  OBJ  signal  amplitude 
eompa  r i sons , future  earthquakes  ami  explosions  recorded  during  the 
r.  nil- 1 nr  borelio  1 o noise  mon  I l.nr  I nf.  program  outlined  above  will  provide 
the  ft  rut.  useful  data. 

A.  'A.'ivi’i'urm  I'lsefimlnutlou  dtudies 

Will’-.’  it  la  Itki.-Ly  that  the  well-known  waveform  discriminants  (e.g. , 

M(  v:t  ri  , depth ) developed  for  Lund  station  research  will  bo  applicable  to 
eei-nii  bottom  nt nt  I otm , Home  differences  In  seismic  urrivn.1  signatures  of 
both  explosions  and  erirt  hqunKcs  are  probable,  part. Lcu.'larly  for  those 
.ifril. ionn  with  iielnmeiiiefeni  burled  do'-p  beneath  the  non  floor,  til  early 
these  otnt. ionn  will.  not.  be  on  the  free- stir  face  approximated  by  land 
rd  n t loin' . With  ’>  Ion  of  wnter  and  up  to  .1  km  of  non  floor  sediment,  above 
them,  these  soismomel.ors  are  essentially  enclosed  in  the  vibrating 
medium.  Aeeord  tngly , a reneiuvh  program  to  study  the  response  cluirue teristicu 
.’i’  sen  floor  seismograms  and  their  comparison  with  waveform  dl  uorlmtnuut.  in- 
terpretations from  Laud  stations  should  be  init  iated.  This  work  might  in- 
volve fluid  experiment  an  well,  as  Laboratory  analyses  and  ahouLd  begin  as 
soon  an  it  appears  that  OBb'n  may  be  useful  for  selsmio  research. 

l\  Murine  Adaptation  of  t’dtO  Lund  Bel milometers 

Although  Lt  appears  t.liut  the  borehole  t’KO  so l milometers  (l.e,, 
iteol.eeh  models  IbOOO  and  IdiOOO)  will  be  ideally  suited  to  marine  dop  l.ojnnen  l s , 
these  units  linve  not,  yet  been  tested  or  adapted  for  use  on  the  ocean 
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floor.  Thun,  it  la  essential  that,  field  tooting  to  determine  if  equipment 
or  dooign  concept  mud  if icati one  are  required  begin  as  soon  as  possible. 
rnlt.Lnl  studios  should  be  done  in  shallow  water  where  the  instruments 
can  be  deployed  in  boreholes  without  need  of  large,  expensive  drilling 
ships.  Moo  direct  data  recording  can  be  done  by  UBing  a abort  cable 
link  to  a nearby  ship,  platform  or  shore  base. 

in  addition  to  the  basic  evaluation  of  equipment  design,  signal 
amplitude  and  background  noise  level  measurements  at  various  depths 
beneath  the  seafloor  should  be  an  essential  part  of  theBe  studios. 

Also,  a comparison  with  conventional  seafloor-type  OIJS's  which  simply 
rest  on  the  soft  sediments  would  be  useful.  The  execution  of  such 
borehole  seismometer  teBts  would  probably  require  a controlled  environment 
much  like  that  utilised  recently  by  the  Office  of  Naval  Research  (ONR) 
to  evaluate  current  free-fall  scafloor-type  0B3  designs.  These  evaluations 
were  done  in  cooperation  with  the  II.  S,  Nuvy  Torpedo  Test  Facility  on 
Puget  Bound  during  June  1978.  Navy  divers  and  Bhips  were  used  for 
instrument  deployment  and  recovery.  Real-time  on-Bhore  data  recordingB 
were  made  by  linking  the  OBS'u  to  an  underwater  cable  network.  ARrA 
participation  in  these  types  of  experiments  in  the  future  might  be 
advantageous . 

For  deep  water  feasibility  tenting  of  the  borehole  3R0  seismometers , 
off-shore  oil  drilling  plntfoirnis  can  be  used.  The  seismometers  could  be 
deployed  in  previously  drilled  holes,  at  relatively  low  cost,  to  gain 
important  information. 
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IV.  Al'VAtKM'.ii  HKi’KAmni 

A,  : ■>■-.• 1 < 'tn.'i t i .*  I’ll'-t'iit  1). ■pluytiifiit. 

I !'  l.li"  i .•iii-’i  1 ■ i j i ■ I 1 1 ■ > i ; - • ■ ■inn  1 y ■ mil  1 i ii ■ -1  nbwv<-  aheW  < -ji <: ■ 1 1 1 f ii/'  i np 
rcuu  1 i.r. , a.  inm'i’  isyutemaf  Ic  i'll1  hi  program  would  be  appropr lute.  Ruth 
borehole  iind  five-pa 1 1 unltis  might  bo  deployed  for  longer  pertodts  of 
i,  line  In  ivpionr.  of  upecLf.lc  Intercut  (e.g,,  Kuril  oh,  KunichatKu,  Aleutians) 
ui'.  well  nr.  on  n global  iien.le.  Kor  thin  work  a nhip  dedicated  to  ORB 
deployment/  might  be  ad  vuntaguoius . Ini. omul  recording  dev  lotus  who  ho 

iliil.n  eould  Iso  phynlcally  recovered  or  ueouisticftl'ly  telemetered  per Lodicu'lly 
to  inirl'aoo  nhipu  or  nubrnar  inor.  would  probably  be  the  moot  effective  data 
re  I.r  l oval  method . 

B,  Remote  fltatl.oii  T.lnHu.11  al.lopr, 

Aistsum.lnp,  that,  the  p,  Iota  I deploy™, mtu  Indicate  a.  islgnl  ('leant  advantage 
to  uuitir,  borehole  ORR'n  for  aoinmic  research,  aemi-permunent  atationu 
with  data  tranisinliv, slots  links  to  isliore  bn  iso  is  could  then  be  inn  tailed  in 
upon  I.  flo  regions  of  Inieroist..  These  llnkn  could  unt;  acoustic  telemetry, 
nal'e!  L U.e  t.e  lomefy , or  cablets  to  tranamll  the  data.  Nuclear  power 
an l i.r.  would  l»'  required  for  lent;  term  opera!  lour..  Gcophyivlcal  ntudiou 
of  the  nonfloor  [structure  between  tin.  station  and  the  rep  ion  of  intercut 
ishould  be  made  to  Innure  l. hut  maximum  B/N  ratio  In  attained,  Intervening 
low  Q,  /one is  ishould  bo  particularly  avoided  for  regional  monitor  L up,. 

C,  Remote  Array  is 

After  the  completion  ul‘  a remote  network  of  is  ub  no  a floor  ORlVu,  it 
may  be  appropr late  l.e  hud. all  large  .a per turo  ar rayis  to  further  Improve 
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nii-yi-'L.l  detection  tliror.holiin  and  discrimination  capability  for  a specific 
ref,  Urn.  Af'aLn,  i.',ri'phy:;  lea.1  studies  uf  the  oeuf’loor  structure  should  be 
made  before  Lnstul  I i in'  such  arrays  to  insure  u maximum  0/N  ratio. 
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APPENDIX  I - BACKGROUND  MATERIAL 


A.  Evolution  of  Ocean  Bottom  Seismographs 
1.  Early  Studies 

Ocean  bottom  seismographs  have  been  in  use  since  the  late 

1930s.  The  first  instruments  were  either  tethered  or  free-fall  short 

period  devices  with  internal  recording.  They  were  basically  designed 

for  conducting  seismic  refraction  studies  of  crustal  structure1-5  *1^ . 

The  work  was  supported  by  the  U.  S.  Navy.  After  World  War  II,  interest 

in  microseism  phenomena  brought  development  of  lower  frequency  (2  Hz) 

12 

devices  which  could  acoustically  telemeter  data  to  a nearby  ship 

The  instruments  were  also  used  for  seismic  refraction  and  earthquake 

recording.  These  instruments  showed  good  signal  to  noiBe  ratios. 

Background  noise  amplitudes  at  deep  stations  (>U800  meters)  far  from 

land  (>500  km)  were  reported  to  be  less  than  1 my  in  the  2-10  Hz  frequency 

band  (Table  I).  These  measurements  were  comparable  to  the  existing  land 

18 

station  observations  of  about  1 my  @ 1 Hz 

These  early  low  noise  measurements  spurred  further  development  of  even 

lower  frequency  (f  * 1 Hz)  short  period  ocean  bottom  devices  and  a true 

long  period  (15  sec)  instrument.  The  devices  described  by  Button  et  al.10 

had  marked  negative  buoyancy  (500-750  kg)  and  were  deployed  using  tethered 

anchors.  They  telemetered  their  data  either  electrically  via  a cable  to 

shore  or  acoustically  to  a nearby  ship.  The  devices  of  Arnett  and  Newhouse1^ 
8 9 

und  Bradner  et  al.  ’ ' were  ballasted  free-fall  instruments  with  slight  posi- 
tive buoyancy.  All  of  the  above  instruments,  ssve  the  Bradner  et  al.  device 
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which  injected  a short  spike  into  Ihe  seafloor  much  like  the  early  living  and 
liwlug1"  instruments,  simply  rented  on  the  seafloor  sediment-water  Interface, 
Initial  observations  with  these  instruments  nun  jested  that  ocean  bottom 
signal  amplitudes  were  higher  than  thor.e  nt  land  stations,  particular Ly  at 
h Lghei’  frequencies.  However,  the  lower  frequency  background  noise  level  also 
appeared  to  bo  higher^  ‘ 1 , hharp  noise  peaks  in  the  V6  Hvi  band 

were  also  noted.  The  dominant  low  frequency  noiBe  (Y-fl  sec  period)  was  gen- 
erally attributed  to  breaking  surf-induced  microseisms  propagating  from 
ooaatlinus  as  Rayleigh  waves  as  well  a3  from  local  pressure-induced  dis- 
turbances due  to  ocean  swells  passing  over  the  instrument  site.  The  higher 
frequency  noise  peaks  were  thought  to  be  related  to  current  disturbances 
transmitted  through  the  instrument  frame.  The  increased  signal  amplitudes 
were  believed  to  result  from  reduced  attenuation  due  to  the  absence  of  a 
thick  low  Q continental  crust  beneath  an  ocean  bottom  site  and  possible 
focussing  effects  of  uir-aeu  surface  reflected  rays  returning  to  the  sea- 
floor. In  general,  these  first  programs  concluded  that  the  ocean  bottom 
could  prove  to  be  useful  for  selmnio  research  purposes,  However,  the  some- 
what higher  than  expected  noise  levels,  suggested  that  more  representative 

noi.se  measurements  in  the  world's  oceans  should  be  made,  especially  at 
' 1 


sediment- free  sites 


2.  Texas  Instruments  Experiments 

In  orcier  to  assess  the  potential  S/N  ratio  advantage  of  DBS's  and 

to  evaluate  their  operational  feasibility  for  global  scale  nuclear 

monitoring,  the  Texas  Instruments  Corp.  (T.I.)  conducted  extensive  field 

tests  during  the  1966-68  period^’2'’’2^.  Instruments  Bimilar  to  those 

IT 

described  by  Arnett  and  Newhouae  were  deployed  near  the  Kuril  (1966) 

and  Aleutian  (1967/68)  Islands  and  in  the  Gulf  of  Mexico  (1967).  Nearly 

all  sites  were  in  regions  of  thick  sediment  cover.  The  tests  generally 

confirmed  the  increased  signal  amplitudes  found  by  the  earlier  workers, 

However,  the  enhancement  was  not  as  dramatic  as  expected,  For  example, 

the  average  magnitudes  of  earthquakes  with  periods  averaging  0.6  sec 

(1.67  Hz)  were  only  0.2  units  higher  than  those  calculated  from  land 

stations  for  the  same  events.  Similarly,  the  low  noise  levels  reported 

by  earlier  workers  could  not  be  duplicated.  In  fact,  the  lowest  short 

period  noise  amplitudes  were  about  100-200  mu,  not  the  1 mu  result  of 
12 

Ewing  and  Ewing  However,  the  T.I.  experiments  were  able  to  confirm 
the  general  decrease  in  noise  with  increasing  water  depth  (>^000  m)  and 
distance  from  land  (>250  km).  Unfortunately  the  character  of  the  long 
period  noiBe  spectra  below  about  0.2  Hz  could  not  be  directly  examined 
with  the  1 Hz  T.I.  instrument. 

These  disappointing  results  proved  crucial  to  further  development  of 
OBS's.  First,  they  suggested  that  since  virtually  no  signal  improvement 
was  gained  in  the  short  period  band  and  that  background  noise  amplitudes 
were  about  2 orders  of  magnitude  higher  than  those  at  land  stations,  poorer 
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In  Mil*  mhl- 1 ')'[<)’ n renewed  enthusiasm  for  short  period  Olkl's  was 
generated  by  various  scientists  working  on  earthquake  tectonics  at  plate 


bininilar  If:-.  (!.«*.,  1 • ift*  and  trenches)  and  dotal  led  oceanic  crustal 

Beginning  in  about  .19/5  naval  interest  in  tin-  acoust lc- 

ueismlo  layering  of  the  seafloor  and  new  thrusts  in  earthquake  prediction 

have  brought  increased  support  from  ONH  and  NtlK , respectively.  New 

additional  marine  seismology  groups  have  sprung  up  in  the  U.!l,  at  the 

Utilvt,|v. I I.Lcb  of  California  (Santa  Barbara^  Vscr  l ppn )^  1 Texas  (Oalventor/’^/ 

Austin),  Washington  ’ , Hawai  Oregon^"1,  t.amont  Doherty 

T8  vq  Ho 

Massachusetts  Institute  of  Technology  ’ and  Woods  Hole  . In  fiurope 
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murine  seismology  efforts  have  been  recently  Initiated  in  France  ' ' 

Germany^ , atul  Britain®**.  Also  the  Canadians  (Bedford  Institute)  and 
Australians  (Australian  National  University ) arc  beginning  to  develop 
Instruments.  Nearly  all  of  the  instruments  currently  operating  are  of 
the  free-fall,  internal  recording  type  which  simply  rest  on  the  seafloor. 

The  Japanese,  German,  und  the  British  shallow  water  system  are  tethered 
to  an  anchor  and  surface  buoy.  Gome  of  the  Hawaii  OBG'a  telemeter  their 
data  vlu  a cable  to  shore  or  are  radio-linked  via  a surface  buoy.  Most, 
are  short  duration  analog  recording  devices  with  record  intervals  runging 
from  a few  hours  to  about  30  days.  The  GorLppn  and  MIT  systems  employ  a 
digital  recorder.  Hawaii  and  Lnmont  also  plan  digital  systems. 
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The  /feuoral.  per  romance  of'  these  recently  developed  Olili's  hau  been 


uneven  t.o  say  the  least.  The  moot  notable  BuceesseB  in  attaining  high 


!’»/N  resul  t.o  have  been  made  by  the  British 
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and  Japanese 
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workers 


in  t.helr  studios  of'  mlcroenrthqunkes  near  ridgea  and  treneheB,  respectively  . 

The  British  units  have  been  able  to  record  local  ridge  creBt  events 

(>10-P0  km  away)  an  small  as  magnitude  0 in  the  presence  of  short 

period  noise  of  about  25-50  mu  . The  Japanese  instruments  show  similar 

hi/th  performance  ronultB.  In  fact,  the  Japanese  OBS's  have  been  able  to 

domonntruto  that  the  oceanic  lithosphere  in  the  veBtern  Pacific  nhowB 

very  low  attenuation.  Q-values  often  exceed  6000  along  paths  extending 
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over  il 000  km  seaward  from  the  Japan-Kuril  trenches’3.  Walker  et  al.,c 
have  confirmed  these  high  Q-values  using  ocean  bottom  hydrophones. 

Clearly,  the  better  0BE5  instruments  of  today  have  about  an  order  of 
magnitude  higher  15 /N  ratio  than  the  various  devices  built  by  Texas  Instruments 
111  till''  mill- 19bO' 8 . 

British  and  Japanese  workers  using  essentially  the  same  units 

dlneussod  above  have  also  carried  out  seiBmic  refraction  studies  on  the 
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mid-Atlantic  ridge  and  in  the  western  Pacific1'  . In  fact,  the  Japanese 
have  boi'ii  able  to  detect  ’•efraction  arrivals  from  If  kg,  charges  detonated  in 
water  at  distances  of  more  than  LOO  km, 

Relatively  few  results  have  been  reported  to  date  by  the  many  other 
groups  currently  developing  OBS'b.  Significantly  no  background  noise 
measurements  are  available.  Most  of  these  devices  have  been  plagued  by 
two  major  geophysical  problems;  namely,  poor  solid-earth  coupling  which 


luu'  resulted  tu  low  signal  response,  ami  failure  to  isolate  the  nelBmometern 
for  ocean  wut.et'-l nduced  motions  which  huu  canned  high  background  twine. 

Also,  Inadequate  engineering  efforts  have  resulted  in  tv  variety  of 
equipment,  trial  functions. 

The  former  geophysical  problems  are  the  moat  ueriouB.  They  both 
probably  reim.lt  from  the  fact  that  moat  OUl>*u  ulmply  root  on  low  denuit.y, 
uncoilin' I Idated  uurflcial  uedlnient,  layer u whoan  seiumo-ueouatic  propertten 
are  tint,  much  different  than  tho  overlying  neawatcr  (Fig.  II-l).  That  In, 
their  compress  huml  wave  velocities  V arc  nearly  equal,  (l.h  vn  1.6 
km/ nee)  while  the  uhear  wave  velocity  V of  the  sediment  in  typical  ly 
only  0.1-0. km/noe  Consequently,  moat  free-fal  l Olid 1 o are 

In  a mechanical  environment,  more  repreuentative  of  the  ocean  water  than 
the  nmfloor  rocks.  They  are  certainly  not.  on  the  free  uurfaoe  of  the 
no l id  earth  cruut  an  are  land  iicinmometern.  Thun,  the  motion  of  the 
ocean  in  well -coupled  to  the  Instruments,  particularly  in  those  nearly 
buoyant  OlVn  with  tall  vert,  teal -frames  housing  their  seismometers, 
while  uclnmlc  arrivnln  arc  diunped  comilderabiy  due  to  the  poor  acoustic 
tmpeitenre  matching  with  the  harder  subnoufloor  layern. 

The  Ur  It  inh  and  ilnpanene  devices  appear  to  have  overcome  the  twine 
coupling  problem  by  rcntrietlng  their  experiments  to  regions  whore  bare 
rook  out.eropn  on  the  mid-Atlantic  ridge  (i.e,,  the  British)  and  by 
.Hidleloun  denign  of  the  aeinmomut.er  and  lto  housing  frame  (l.e.,  dupaiume 
liintruinent),  Tho  dapanetie  deviee  In  particularly  well  united  for  sediment, 
coupling  in  that,  the  oennor  recording  iiyntem  in  houtunl  in  a long  non- 
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buoyant,  cylinder  which  lies  horizontally  on  the  seafloor,  Tt  presents  ft 

very  low  profile  to  any  ocean  wat.or  disturbances  much  like  the  early 

1 P 

dev  lent  described  by  Kwing  and  Kwing  . Nearly  all  other  current, 
devices  i neorpoivi  t.e  a tall  tower-1  Ike  frame  with  buoyant,  pressure  sphere 
tu'ar  their  t.opn  to  house  instruments  und  experulnbl e ba.llust.  unchoru  at, 
their  buses  to  provide  only  slight.  negative  buoyancy.  The  latter  arrange- 
ment not.  on  ly  coupled  poorly  to  the  nedlment  but  it,  may  all  no  respond 
much  .like  an  Inverted  pendulum.  It,  in  probably  quite  nuciccptibl e to 
renonance  and  ocean  water  port.urbat.ionu. 

Another  factor  which  should  he  considered  for  an  OBS  renting  on  or 
in  the  soft,  uurftoia.l.  sediment.  layer  in  the  likelihood  that  this  layer 
v 1.1.1  behave  an  u waveguide.  The  nhurp  iihear  wave  velocity  gradient 
below  urn!  above  the  layer  meuim  that,  shear  wuvou  ( 15 ) emergent  noar  an 
Oik!  may  bo  trapped  between  the  water  and  I, he  deeper  hard  nedimentu  and 
reck  (Fig.  li-.l).  In  fact,  vary  strong  prolonged  olgnulr,  partleulnrly 

on  t. he  horizontal  component,  are  usually  observed  in  marine  refraction 
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studies  which  tctul  to  contaminate  the  direct  arrivals"  . There 
signals  are  sot.  sens  <m  nearby  hydro phones.  These  effects  have  nerved 
to  complicate  interpretation  of  seafloor  Oik!  data  recorded  in  regions  of 
thick  sediment  cover. 

The  mu, lor  problems  of  01313  equipment  design  deficiencies  and  malfunc- 
tions have  been:  (i)  complete  failure  to  recover  the  free-fall  I nnt.rument  n , 
(ll)  failure  of  recording  and  control  system  to  function  properly  In  the 
deep  ocean  environment,  and  (ill)  housing  frame  resonances,  All  of 
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these  problems  seem  to  have  u common  origin:  lack  of  a coordinated 
program  to  develop  n comprehenaivc  denign  among  the  many  investigators. 

Thin  situation  is  understandable  when  one  considers  that  ODS  groups 
in  the  11.11.  are  independently  directed  by  mure  than  10  marine  ocientiutB 
operating  with  small  budgets  from  several  agencies  with  diverse  interests. 
Those  agencies  have  included  ONR,  Nil?,  U3GI5,  and  ERDA.  Consequently, 
the  emphasis  of  moot  programs  has  been  to  get  a modicum  of  reoultu  as 
quickly  and  an  cheaply  uo  possible.  Relatively  little  effort  has  gone 
into  the  denign  of  more  reliable  and  less  noisy  instruments,  In  fact, 
only  thoue  groups  closely  associated  with  large  ocean-oriented  engineering 
centers  have  been  able  to  take  advantage  of  the  major  advances  made  in 
ocean  technology  since  196^.  For  example,  the  acoustic  release  transponders, 
d Lgital  microprocessor  recording  and  control  teehinqueu,  and  laboratory 
deep  ocean  simulation  testing  common  at  oceanographic  centers  today  are 
not  incorporated  in  most  0BL>  designs. 

I*.  Current  OBO  Research 

The  recent  efforts  of  the  U.8.  Navy  to  determine  the  small  scale 
aoLumo-ucoufltic  structure  of  the  oceanic  crust,  and  lithosphere  has 
prompted  the  Ocean  Acoustics  Division  of  ONR  to  form  a working  group  of 

9'$ 

U.3.  scientists  whose  responsibility  is  to  outline  Important  objectives 

This  group  has  produced  a series  of  recommendations  for  future  research. 

A major  component  of  their  proposed  study  includes  the  UBe  of  ocean 

bottom  seismometers  (OBS'n)  and  hydrophones  (OBH's)  for  refraction  and 

go 

reflection  measurements''  . Theue  recommendations  combined  with  the 
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rather  lackluster  performance  of  current  U.S.  ocean  bottom  seismograph 
programs  has  spurred  ONR  to  undertake  a systematic  evaluation  of  current 
OH!>  designs.  The  essential  element  of  this  evaluation  was  a shallow 
wuter  field  tost  of  the  various  OBfi  systems  in  Puget  Bound  during  Jure 
1970.  Ten  university  groups  participated  in  the  tests.  Background 
noise,  microcarthquake  response  and.  explosion  signal  levels  were  compared. 

op 

A report  on  these  teats  should  be  available  in  early  1979  ". 

The  l’uget  Bound  test  was  designed  as  a forerunner  to  a major  seismic 

rofraction/microeurthquake  investigation  of  the  East  Pacific  RiBe  structure 

off  Mexico  planned  for  1979  .[Riviera  Oceunic  Seismic  Experiment  » Project 

ROBE).  This  will  be  u U.S.  multi-institutional  study  and  will  utilize 

primarily  free-fall  short  period  OBS  devices  with  internal  recording  as 

well  mi  conventional  surface  ship  seismic  studies,  A large  array  of 

about  ho  seismometers  with  dimensions  on  the  order  of  100  km  will  be 

deployed  over  the  Riviera  fracture  zone  (f!l°N).  Hydroacoustic  studies 

will  also  be  done.  Seismologists  at  Hawaii  have  further  suggested 

deployment  of  a short  period  seismometer  in  a GLOMAR  CHALLENGER  hole 

q)( 

which  may  be  drilled  lti  the  ROSE  area  . Also  the  fieri. pps  and  Lament 
seismology  groups  hope  to  deploy  some  longer  period  (10  sec)  seafloor- 
type  OBfi  systems. 

More  recently,  Woods  Hole  scientists^0  initiated  an  ocean  bottom 
seismic  study  comparing  free-fall  instruments  that  rest  on  the  bottom  in 
a typical  OBG  tripod  array  with  others  that  are  driven  into  the  sediments 
on  a probe,  much  like  the  early  devices  of  the  1950's  described  by  Ewing 
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and  Ewing  , Significantly,  shallow  water  teBts  showed  that  the  probe 

noise  level  was  more  than  an  order  of  magnitude  lower  than  the  tripod 

and  was  independent  of  local  ocean  water  motion  (e.g.,  tides,  surface 

currents,  and  surface  waves).  However,  no  difference  in  signal  level 

was  observed  for  explosive  charges  fired  up  to  ton  away. 

In  a most  recent  OBQ  experiment,  D.  A.  Matthews  and  R.  Stephens  of 

the  University  of  Cambridge  (England)  successfully  deployed  a commercial, 

3-component  short  period  seismometer  down  a borehole  drilled  by  the 

OLOMAR  CHALLENGER  north  of  Puerto  Rico  (Site  1*17/1*18)  in  water  over  5500 
95 

meters  deep  . The  purpose  of  the  experiment  was  to  conduct  a fine 
scale  oblique  reflection  and  refraction  Btudy  of  Oceania  layers  2 and  3 
and  the  overlying  sediments.  Although  eleotrioal  noiBe  associated,  with 
the  drill  string  prevented  the  use  of  maximum  sensitivity  of  the  instrument, 
background  noise  levels  were  much  lower  than  expected.  In  faot,  Beismlc 
noise  amplitudes  ware  estimated  to  be  much  1«bb  than  120  mu  at  10  Hz , 

B.  Modern  Land  Seismographs 

The  gradual  evolution  of  ocean  bottom  seismographs  (OBS'b)  over  the 

last  1*0  years  has  been  far  outpaced  by  the  major  advances  made  in  land 

seismology  and  marine  technology  during  the  last  10  years.  Those  advances 

in  seismic  techniques  which  have  yet  to  be  utilized  in  OBS  applications 

include  the  following; 

1.  Seismic  Research  Observatories  (SRO’s) 

A global  network  of  ultra-sensitive  seimnological  stations  is 

96 

currently  being  established  under  ARPA  sponsorship  . These  stations 
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Incorporate  digital  feedbacH  3-component  seismometers  (Geotech  j6000) 
which  have  a dynamic  range  of  about  IPO  db  in  the  1-100  sec  band.  In 
order  to  reduce  background  noire  at  these  stations,  a cylindrical  shaped 
tie  1 milometer  caue  (*6"  din  x O'  length)  is  deployed  In  a borehole  about 
100  meters  deep.  Noise  levels  for  stations  far  from  the  oaean  coastline 
(.1. o'.,  Albuquerque , Mushud)  are  typically  0.')  ms  (ill’)  and  .1.0  mu  (Li’),  On 
Inlands  (:L.o.,  Guam,  New  Zealand),  the  levels  ure  about  an  two  orders  of 
magnitude  higher  (see  Table  l).  Thus  the  best  SR0  land  stations  chow 
short  period  noise  levels  about  2 magnitude  units  less  than  the  best  CBS 
operating  today  while  island  station  performances  are  about  equal  to 
current  OBS'n.  Note  that  SRO  long  period  noise  levels  ure  more  than  2 
orders  of  magnitude  lower  than  oven  the  early  Lament  OBG's1^'^, 

0.  Borehole-type  Seismometers 

The  high  performance  aspects  of  the  borehole  S3R0  type  seismometer 
make  it  likely  that  similar  systems  will,  bn  used  for  future  neismological 
research.  Accordingly,  Teledyno-llootooh  has  recently  developed  a miniaturised 
prototype  of  an  BRO-type  seismometer  (Model  thQOC)  suitable  for  future  de- 
ployments in  conventional  b"  ID  oil  exploration  drill  pipe  1 . Tills  unit's 
performance  is  similar  to  the  standard  model  ihOOO  but  it  is  broader  band, 
o-  50  nn. 

The  Model  bbOOO  car.  be  oriented  and  will  level  itself  in  holes 
drilled  as  much  as  15°  off-vertical  versus  'j>°  for  the  Model  36000.  Both 
instruments  are  also  designed  to  withstand  high  pressure  in  order  to 
facilitate  their  use  as  logging  tools  in  commercial  deep  oil  drilling 
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uppl  icationn . Those  characteristics  all  combine  to  make  the  borehole 
I'RO-type  instrument  ideally  suited  for  nubueu  floor  ORS  applicutionL] . In 
fact,  the  model  36000  can  hr;  deployed  without  major  modification  in  the 
ll"  diameter  cased  boreholes  currently  being  drilled  by  the  GLOMAR 
CHALLENGER. 

3.  Digital  Signal  Analysis 

The  widespread  deployment  of  land  seismic  arrays  (e.g.,  LASA, 

NQRKAR,  ALPA)  and  the  global  CRO  network  has  spurred  development  of 
advanced  digital  processing  to  handle  the  large  amount  of  data  they 
generate.  Today  most  modern  automatic  detection  and  discrimination 

techniques  are  largely  based  on  the  fact  that  the  data  is  in  digital 

98 

form  on  a quasi-real  time  basis  . Significantly,  few  of  the  current 
0B3  devices  have  digital  recording.  Moot  rely  on  internul  analog  magnetic 
tape  which  must  be  digitized  ufter  recovery  of  the  device  from  the 
seafloor.  Clearly  the  full  power  of  digital  processing  would  be  difficult, 
if  not  impossible  to  apply  to  such  01i:> 1 a in  a research  mode. 

C.  Modern  Murine  Technology 

The  dramatic  progress  made  in  verifying  current  models  of  ocean 
basin  formation  (plate  tectonics)  and  the  circulation  of  the  oceans  and 
atmospheres  has  been  brought  about  by  technological  innovations  introduced 
largely  since  1965.  Those  innovations  relevant  to  future  OUfl  studies 
include:  deep  sea  drilling,  remote  viewing  and  tool  manipulating, 
manned  submersible  vehicles,  long  term  moorings,  acoustic  telemetry  and 
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1.  Deep  Ocean  Tool. n uml  lleiienroh  Vemielu 
I’orliupn  the  mont.  important  advance  in  ocean  technology  Viuu 
been  t, lu.'  development  of  uophinticutoil  tooln  ami  reueurch  vonuoln.  Thene 
advaiioon  have  revolutionised  the  way  ocean  ue lent into  now  approach 
noun  oof  l’l'iiearoh  problemu . Tn  the  pant  many  iicieutliitn  ooniiidured  the 
ocean  floor  to  bo  about  an  remote  an  the  uurfuco  of  the  moon.  Today, 
duo  l.o  the  Imiovatieiui  meutiened  above  the  neu  floor  lit  no  more  inncoeiiulb.1i 
than  remote  land  annul . 

a.  Hemote  (hnii.ro.11od  Manipulator  Qhipu 
following  the  lonn  of  the  U.f>.  nueleur  imbmiirinnu  Thronher 
(l9('l)  and  iioorplon  (.1968)  in  the  Atlantia  and  a ll. H.  imoleur  weapon  and 
l.wo  fore l.(.,1n  nubmari non  in  the  Mediterrean  boa,  the  ll.il.  Nuvy  undertook  a 
program  to  develop  a deep  ocean  nearch  and  nul.vuge  capability.  There 
wan  all  110  a requirement  for  liintn.1  .1  at  I on  and  recovery  of  varlouii  oqul  pmeritn 
to  r.upport.  niir.i  L nubmari  tie  nurveli  lunce  operut. 1 01111. 

To  meet.  Uionc  needn,  neveral  ulil.pn  and  devieen  have  been  developed 
which  ill  .low  oporatoru  on  nurfiice  vetnteln  to  examine  the  ueafloor  and  t,o 
manipulate  t.oo.in  at  the  end  of  long  pi  pen,  l.otiiered  cablen , or  on  free- 
r.whiunliig  \ehicleii.  Theite  nyutemn  include  the  civilian  nh.t  pn  (lliOMAK 
KXl’I.OHKH  ((Vlobnl.  Marine  Oorp.)  and  HK/U’UUHE  (Woodn  Hole  Oeeunogmphl  c 
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Institution  and  Alcoa  Corp. ) which  mount  their  manipulator  tools  at  the 
end  of  a long  pipe.  These  ships  have  very  large  lifting  capacity  (>150 
tons).  Naval  systems  include  CURV,  a tethered  device,  and  a variety  of 
free-swimming  vehicles.  There  are  also  several  naval  submarine  rescue 
ships  with  manipulator  capability.  Together,  these  systems  can  operate 
in  nearly  all  ocean  depths  and  can  perform  tasks  ranging  from  the  delicate 
insertion  of  a lift  hook  into  a small  ring  attached  on  a sonar  projector 
frame  (SEAPROBE)  to  raising  large  portions  of  a Russian  nuclear  submarine 
(EXPLORER),  Also,  CURV  was  used  to  recover  a nuclear  weapon  off  Spain. 
Clearly,  any  reasonably  large  object  can  be  remotely  installed  and 
recovered  from  the  seafloor  today  by  surface  ships. 

b.  Manned  Deep  Submersible  Vehicles 

During  the  late  1960's  the  U.S.  Navy  also  spurred  development 
of  small  manned  submarines  to  assist  in  aearoh  and  salvage  operations  as 
well  as  in  equipment  installation  and  recovery  tasks.  They  were  alBo 
planned  as  oceanographic  research  tools.  These  vehicles  include  the 
DSRV  ALVIN,  operated  by  the  Woods  Hole  Oceanographic  Institution  and 
slster-DSIVs  SEACLIFF  and  TURTLE,  which  are  operated  by  the  U.S,  Navy. 

A nuclear  research  submarine,  NR-1,  and  the  bathyecaph,  TRIESTE,  are 
also  U.S.  Navy  vehicles,  The  French  Navy  operates  the  deep  research 
submarine  CYANA.  The  above  vehicles,  all  developed  since  about  1966, 
have  virtually  unlimited  depth  capability  and  can  handle  payloads  on  the 
order  of  hundreds  of  .kilograms.  With  manipulating  arms  they  have  been 
able  to  pick  up  small  objects  (rock  and  plant  samples,  lost  tools  and 
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instruments)  mu!  haw  assisted  Ln  the  recovery  of  largo  devices  ouch  as 
Uu'  mu:  lour  weapon  lout,  ot'l'  Spain.  Tlu:y  have  also  been  no  ml  extensively 
for  geologic.  research  programs  on  the  mid-ocean  ridges  in  the  North 
At  I nut,  ie  and  Kaiitern  I'aeirie  Oceans. 

c.  Deop  Sea  Drilling  Shipu 

The  vessel.  which  han  made  the  greatest  inipuot  on  scientific 

obsorvut.l on  ol‘  the  tmbnea floor  structure  ban  boon  the  Deep  Sea  Drilling 

on 

Program1  n nhlp  OTiOMAH  CIIALIjKNUKR  ‘ , Thin  chip,  which  only  began  operations 
in  19hti,  Jr,  presently  eapablo  up  drilling  through  the  sediment,  and  Into 
hard  basement  rock  in  till  depths,  nave  the  deep  trenches.  Standard  oil 
exploration  type  drill,  pipe  and  bits  are  lined.  Penetration  in  hurd 
basaltic  and  iloler  Itlc  ruck  has  been  cm  the  order  ul’  900  m.  Maximum 
sedlmoul,  penetration  lias  been  appreciably  greater  (-•'!'  Ion),  It  Is  possible 
to  install  ll"  diameter  easing  in  holes  up  to  1 km  deep.  Manipulator 
shipu  such  us  the  SKAl’ROHK  can  also  penetrate  several  tens  of  motors 
into  soft  sediments  by  pumping  water  down  the  probe  pipe.  Thin  "wash 
down"  teetmiepu?  Is  also  used  by  (11.0MAK  CIIALhKNlll'!R  to  start  Its  holes. 

it  should  be  noted  that,  numerous  i'll  exploration  drilling  ships 
built,  during  the  last  ID  years  have  Ulu*  capability  of  drilling  very  deep 
holes  (*(>  luu),  large  diameter  holes  ('  Id"  dia)  in  shallow  waters  (<SOO  m 
depth). 

An  Important  sc  1 enl.  1 Tie  result  from  the  OllAlihKNUKH  drilling,  which 
In  relevant  to  borehole  ODD  deployment.  Is  the  observation  that  the  geo- 
thermal gradients  in  the  hard  seafloor  sediments  and  rocks  may  bo  comparable 


mul  perhaps  lower  than  land  surface  gradients  In  some  regions.  This 
suggests  that  thermal  convection  of  seawater  iri  the  borehole  may  be  low 
enough  to  permit,  s imple  upon  hole  no  L milometer  lnstallatl  one  . For  example  , 
in  the  small  (sh")  diameter  caning  enviQioned  for  future  gRO-type  borehole 
seismometer  1 nstallations , the  critical  geothermal  gradient  necessary 
for  convection  to  begin  ia  estimated  to  be  on  the  order  of  10°C/km  at 
significantly,  the  gradient  recently  observed  in  a deep 
uou.  drilling  borehole  near  the  bane  of  the  oediment  layer  on  the  mid- 
At.l'mtia  ridge  (69-300  motors  penetrution  Interval.)  waB  on  thin  order 
(13.6-00.  li°C/km  @ fl°C)  £ . Deep  boreholeD  on  cooler  older  crunt  at  the 
ocean  basin  margins  might  be  expected  to  nliow  even  smaller  gradientu, 
particularly  within  the  high  thermal  conductivity  basement  rocks.  In 
contrast  land  surface  and  near- seafloor  sediment  gradients  are  typically 
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39-80°C/knr  ' ’ Also,  deep  seafloor  boreholes  are  not  subject  to 

strong  nousonal  and  diurnal  effects  due  to  solar  heating  variations  and 
groundwater  level  changes.  It  appears)  therefore  that,  with  the  observed 
thermal  gradient  near  the  critical  gradient,  very  little  if  any  convection 
will,  occur  in  deep  penetration  seafloor  boreholes.  In  any  case,  by 
sealing  the  seismometer  at  the  bottom  of  the  hole  with  high  viscosity 
muds,  convection  effects  can  be  sharply  reduced. 

9.  Ocean  Acoustic  Communication 

Routine  data  telemetry,  vehicle  navigation,  and  command  and 
control  functions  are  now  carried  out  by  most  ocean  research  groups. 

Also,  many  marine  geophysical  exploration  and  oil  service  companies  use 
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I, hone  toehtilquon . For  example,  it  lu  now  poouible  to  track  and , in  Dome 


canon,  control  nubmerniblen  and  tethered  deviceu  nueh  an  oumorau,  rock 

dredge  ami  thermal  prohen  to  within  u few  metera  at  rungeu  up  to  10  kin 

|0li 

lining  nlmple  time-delay  pu.l.ne  nyntemn  . In  fact,  plume  meunurement 

nyutoniu  can  provide  a poivition  fix  procinion  of  a few  centimeter  a in  the 
lOh 

deep  ocean  . 

Ilhort  range  ncouutle  data  telemetry,  although  uned  in  home  of  the 
early  OBI  In , In  routinely  uned  for  uuvfuoe  vonuelu  to  communicate  with 
nuhmarlne  vohlc.len  and  devicon.  Carrier  froquuna  leti  on  the  order  of  10 
kill’,  are  uned  to  obtain  maximum  ranged  of  about  10— ;’0  km  with  a P klh,i 
bandwidth,  Longer  range  acountie  telemetry  in  done  in  the  I’OO-iOO  Hr, 
hand.  CW  nyntemn  operating,  in  the  UOFAH  channel  have  achieved  rungon  in 
the  order  of  1000  km.  For  example,  ne  I cnt.iutn  at  Wood  a Hole  and  the 
Unlvoruity  of  Hhode  Inland  have  now  begun  to  routinely  monitor  neutrally 
buoyant,  temperature  and  premium  ncunlng  luutrumentn  floating  In  the  NW 
Atlantic  HOFAK  channel  lining  nhove  buued  liydrophonon^1 . tUmilarly, 
fixed  Dollar  neurcen  and  recelvern  are  uned  to  meunure  tima.'Ll  acountie 
1’luctuat.lonn  of  the  ocean' o iutenui.l.  wave  field  over  large  dintancen  ° . 

The  maximum  unofu.l  bandwidth  at  l.hene  .Low  carrier  f requeue len  in  thought 
to  lu'  only  about  10  Hr..  However,  It.  In  anticipated  that  at,  even  lower 
carrier  frequone.len,  nay  bO  Hr,,  ocean  no l no  levolu  will  be  lower  and  a 
nonu'whati  wider  bandwidth  and  greater  range  may  be  attained  , 

In  any  event  i.t  nliould  be  pointed  out  (dial  a 10  Ur.  bandwidth  In 
probably  mom  than  adequate  for  a qiiu.nl -I'oaltlmc  noinmic  dal, a communication 
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with  a single  seafloor  station.  This  1b  because  observed  micro- 
earthquake  activity  even  in  such  tectonically  active  areas  aB  the  Japan 
Trench  and  the  Mid-Atlantic  Ridge  is  only  on  the  order  of  100  events  per 
day.  ill  nee  maximum  event  durations  ure  usually  Icbd  than  1 minute,  thin 
means  that  by  using  automatic  event  detection  techniques  and  a buffered 
digital  data  storage  system,  simple  time  expansion  of  the  event  wavetrains 
could  easily  provide  adequate  bandwidth.  For  example,  a time  expansion 
facto?1  of  5 would  give  a bandwidth  of  50  Hz  and  require  an  average  data 
transmission  delay  of  only  5 minutes.  Transmission  of  three-component 
data  would  involve  a 15  minute  delay, 

3.  Satellite  Telemetry  and  Navigation 

Although  the  use  of  satellites  for  telecommunication  of  data 
between  land  sites  has  been  commonplace  for  many  yearB,  only  recently 
has  it  become  available  to  marine  scientists.  It  is  now  possible  to  use 
the  U.D,  Navy's  stationary  orbit  SKASAT  system  to  transmit  data  from 
ships  and  moored  surface  buoys  in  the  Atlantic,  Indian,  and  Pacific 
oceans  to  U.3.  land  stations.  This  system  would  be  more  than  adequate 
for  a real-time  OBS  data  monitoring  link.  Ocean  bottom  units  could 
telemeter  data,  either  acoustically  or  via  cable,  to  a Batellite-linked 
surface  buoy.  One  buoy  could  probably  collect  acoustic  dutu  from  an 
array  of  OBSs  up  to  ho  km  in  diameter  without  using  cables  at  all.  l'n 
fact,  if  the  acoustic  link  were  to  use  the  3QFAR  channel,  even  larger 
urrayB  could  be  installed.  However,  in  this  latter  case,  short  cables 
would  be  necessary  to  connect  each  0I3S  to  an  overhead  sonar  transmitter 
moored  at  the  channel  axis  depth. 
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Lt  should  ul no  be  noted  that  satellites  now  provide  accurate  posi- 
tioning information  virtually  anywhere  on  the  world'  » oceans.  Routine 
position  fixing  of  t ; ’00  meters  lit  now  available  to  most  Navy,  ocean 
research,  and  Jarre  commercial  ships.  Thin  capability  means  that  it  la 
possible  to  re-visit  Bites  where  previous  measurements  and  deployments 
were  made.  thus,  by  attaching  acoustic  transponder  beacons  to  an  ocean 
bottom  device,  a surface  ship  or  submersible  can  simply  "home  in"  on  the 
instrument  for  ita  recovery.  The  rink  of  losing  expensive  ncufloor 
devices  ban  been  drautlcal.ly  reduced.  This  technique,  which  in  now 
routinely  need  aboard  ocean  research  and  oil  exploration  ahipu  ban  only 
become  available  since  1968, 

h . Deep  Ocean  Moorings 

'l’iie  durability  ol*  both  surface  and  sub-surfaue  moorings  has 
markedly  improved  during  the  19Y0'u.  This  is  a result  of  extensive 
design  analyses  and  field  testing  undertaken  during  the  Mid-Ocean  Dynamics 
Experiments  (MODE)  and  the  Global  Atmospheric  Research  Progrum  (GAR?) 
sponsored  by  ONR  and  NSF10^.  For  those  studios,  large  sub-surface 
arrays  of  citrrent  meters  and  temperature  sensors  were  moored  in  the  deep 
ocean  along  with  surface  buoys  for  air-sea  interaction  observations. 

Many  of  the  moorings  were  deployed  for  as  long  as  b months,  some  much 
longer.  The  work  clearly  showed  that  it  is  not  unreasonable  to  consider 
long  term  deployment  in  deep  water  (>000  m)  for  periods  on  the  order  of 
a year.  In  fact,  the  National  Oceanic  and  Atmosphere  Administration 
(NOAA)  io  currently  operating  several  Jong  term  deep  water  surface 


moorings  for  weather  forecasting  purposes  which  telemeter  their  observations 
to  satellites.  Ultimately  it  may  be  possible  to  have  such  moorings 
replace  all  the  remuLnlng  deep  ocean  weather  ships  operated  by  the  CoaBt 
Guard . 

5.  Deep  Ocean  Power  Sources 

The  rapid  expansion  of  ocean  science  and  space  instrumentation 
in  the  late  1960's  has  required  the  development  of  large,  long  term 
remote  power  sources.  Vurious  types  of  chemical  cells  (Lithium,  cadmium) 
are  now  available  which  can  continuously  produce  several  tens  of  watts 
over  a 3-6  month  period.  These  are  usually  more  than  adequate  for  most 
research  applications.  For  long  term  high  power  requirements  such  as  in 
satellites  and  some  sonar  systems,  nuclear  fuel  cellB  have  uIbo  been 
developed.  These  units  can  provide  hundreds  of  kilowatts  for  many 
years, 

Nuclear  power  units  are  particularly  attractive  for  OHS  regional 
research  installations  as  compared  to  land  stations.  It  may  be  that  a 
host  nation  would  not  allow  land  stations  to  be  nuclear  powered.  Thus, 
these  stations  would  be  dependent  on  local  power  or  batteries . A nuclear 
powered  OHO  system  would  be  completely  secure  from  power  interruptions. 

01MJ  neismic  stations  are  an  obvious  application  of  available  nuclear 


power  technology- 
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